Background: Deforestation and degradation are currently affecting the ecosystem services of forests. Among the ecosystem services affected by deforestation and degradation are the amount of soil organic carbon (SOC) and total nitrogen (TN) stored in forest soils which have greater impacts in global climate change. This study aimed at examining the amount of SOC and TN in the forest fragments which were separated from the continuous tracts of forests of Jibat and Chillimo through fragmentation processes over four decades. Methods: We have sampled soils from 15 forest fragments of Chillimo and Jibat in the central highlands of Ethiopia. The soil samples obtained in two separate soil depths (0-30 and 30-60 cm) were bulked, dried, and sieved for analysis. Results: Our results have shown that the two sites (Jibat and Chillimo forest fragments) differed in their SOC and TN contents. While the values for Jibat were found to be 29.89 Mg/ha of SOC and 2.84 Mg/ha for TN, it was 14. 06 Mg/ha of SOC and 1.40 Mg/ha for TN for Chillimo. When all forest fragment soil samples were bulked together, Jibat site had twice the value of SOC and TN than Chillimo. When disaggregated on the basis of each fragments, there existed differences in SOC (1.86 Mg/ha and 42.15 Mg/ha) and TN (0.24 Mg/ha and 4.23 Mg/ha) values. Among the forest fragments, fragment four (F 4 ) had the highest Relative Soil Improvement Index (RSII) value of 3826.82% and fragment fifteen (F 15 ) had the lowest RSII value (726.87%) which indicated that the former had a better quality of soil properties than the latter.
Introduction
Deforestation and fragmentation are the two most important factors affecting the forest thereby reducing the ecosystem services such as soil organic carbon (SOC) and total nitrogen (TN) regulation accumulation (Echeverria et al. 2006; Demessie et al. 2011; Gelaw et al. 2014; Tesfaye et al. 2016) . The underlying causes include population increase that further resulted in a number of proximate causes such as demand for forest products, land for crop production, and settlement. It is a common phenomenon to find fragmented forests in the matrix of human-modified landscapes in the central highlands of Ethiopia where agriculture is the dominant livelihood activity. These forest fragments are found on steep slopes, inaccessible areas, and sacred groves (Bennett and Saunders 2010) where settlement and crop cultivation are usually not possible because of the inherent low level fertility of the land and cultural and religious issues related to the forests (Wassie et al. 2009 ).
Several factors that result in fragmentation of forests such as grazing can reduce soil organic carbon, total nitrogen, and soil pH (Demessie et al. 2011; Cardelús et al. 2013; Dingpeng et al. 2014 ). This can be attributed to the removal of aboveground biomass due to grazing, logging, firewood collection, and deterioration of soil physical parameters. The changes in SOC and TN vary across disturbance regime, soil layers, and locations due to climatic, edaphic, biological, land management practices, vegetation cover, aspect, and topography (Moraes et al. 1995; Batjes 1996; Lemenih and Itanna 2004; Vágen et al. 2005; Yimer et al. 2006; Jiménez et al. 2007; Navarrete and Tsutsuki 2008; Shrestha and Singh 2008; Sakai et al. 2010; Demessie et al. 2011; Gamfeldt et al. 2013; Peng et al. 2013; Beniston et al. 2014; Habtemicael et al. 2014; Yimer et al. 2015; Mathew et al. 2016; Gurmessa et al. 2016; Birhane et al. 2017) , and such changes affect the overall productivity of the ecosystems (Chen et al. 2015) . Understanding and incorporating such heterogeneity and spatial distribution characteristics can improve the precision of carbon-nitrogen budgets and assist in effective intervention measures toward vegetation recovery.
The carbon (C) and nitrogen (N) cycles in the terrestrial ecosystems have gained an increasing attention over the past decades because their oxides have great impacts on climate change. Soil contains the largest C pools with the amount of 3150 Pg C (1 Pg C = 1015 g C), which is more than four times of that in plants (650 Pg C) and atmosphere (750 Pg C) (Guan et al. 2015) . Of the total carbon stocks of world soils, African soils corresponded to 9% of the global SOC stock and 68% of the terrestrial C pool of Africa (Henry et al. 2009) .
A large proportion of the global SOC pool is contained in forest soils and associated peat deposits. The proportion of carbon stored in soils is increased in the order of tropical, temperate, and boreal (Lal 2013 ) and approximately three times that of aboveground biomass (Eswaran et al. 1993 ). Most of this stored carbon is lost through degradation resulting in huge amounts of carbon released to the atmosphere (Eswaran et al. 1993; Lal 2004) . Different studies have shown that as soil depth increase, SOC and TN accumulation decrease for all land use because of the decrease in the effects of aboveground biomass accumulation and subsequent decomposition processes especially for forest and grasslands (Yimer et al. 2006; Shrestha and Singh 2008; Sakai et al. 2010; Demessie et al. 2011; Gamfeldt et al. 2013; Habtemicael et al. 2014; Yimer et al. 2015; Mathew et al. 2016; Gurmessa et al. 2016; Liu et al. 2016) . Similarly, findings (Yimer et al. 2006; Gelaw et al. 2014) have shown that the SOC did not differ significantly after a depth of 30 cm indicating stability between all land uses due to the low level of addition of biomass to lower depths. Studies of SOC and TN revealed that the change in TN follows similar patterns as that of SOC where there exists significant correlation between the two elements (Peng et al. 2013) . Hence, the proper management of land and land-related resources has co-benefits to maintain the release of carbon and nitrogen to the atmosphere.
The ratio of C/N, indicators of the dynamic balance of SOC and N contents, reliably indicates the decomposition and mineralization rate of SOC and the cycle of C and N in ecological system to a large extent (Liu et al. 2016) . With a high soil C/N ratio, soil organic matters (SOM) decompose and mineralize very slowly and arduously. Under such circumstances, N would become limited in soil organic matter (SOM) resolving processes by microorganism, resulting inorganic N competition between plant and microorganism. This is unfavorable for the growth of plants and the accumulations of net primary productivity (NPP). In contrast, SOM with a low C/N ratio could be decomposed and mineralized relatively easier, which facilitates the nutrients releasing of microorganism during the decomposition of SOM. As a consequence, soil available N would increase. The C/N ratio is affected by land use, and hence, forested land uses are having the highest values than other land uses (Liu et al. 2016) .
Maintaining SOC and TN through improvements of forest cover is an important aspect in climate change mitigation as the loss of carbon and nitrogen to the atmosphere through soil disturbances can cause an enormous addition of the elements to the atmosphere (Lemenih et al. 2005; Vágen et al. 2005; Strassburg et al. 2010; Gamfeldt et al. 2013; Berenguer et al. 2014; Gelaw et al. 2014; Gurmessa et al. 2016; Tesfaye et al. 2016) . It has been found that forests and their soils store about 45% of the terrestrial carbon and act as crucial carbon sources (Gamfeldt et al. 2013; Tesfaye et al. 2016) , and tropical forest ecosystem soils store about 60% of the total carbon stocks (Vágen et al. 2005) . So, the maintenance of forested landscapes is one element of mitigation strategies when properly handled. But maintaining forested landscapes is becoming a challenge primarily due to competing interests of land uses for different purposes such as crop production, livestock, and settlement. In order to minimize the impacts of such competing land uses on the roles of forests in global carbon and nitrogen balance, protection and management of forest fragments within the human-modified landscapes are one of the alternative options.
Although studies (Lemenih et al. 2005; Workneh 2008; Gelaw et al. 2014; Tesfaye et al. 2016; Gurmessa et al. 2016) have clearly shown that forest ecosystems play vital roles in regulating of carbon and nitrogen losses to the atmosphere, little research has attempted to come up with the roles played by fragmented forests in improving the maintenance of SOC and TN in the soils except a study conducted by Cardelús et al. 2013and Vanderhaegen et al. (2015 in Northern and South western Ethiopia.
Due to the reduction in aboveground biomass through different impacts from human and livestock activities; there will be variation in SOC accumulation and TN across the fragments sampled with relatively higher concentration for fragments with higher diversity of species. The loss of SOC and TN is particularly significant in the context of land use changes due to the reduction in aboveground biomass (Lemenih et al. 2005; Gelaw et al. 2013; Gurmessa et al. 2016; Tesfaye et al. 2016) . We also anticipate a decrease in SOC and TN as depth increases (Lemenih et al. 2005) . On a general basis, SOC and TN are significantly higher under natural forest cover than other land uses depicting the important roles played by forest land uses in regulating carbon losses from soils. Many studies have been carried out to assess the impacts of changes in land uses on soil properties in general and SOC and TN in particular in Ethiopia (Lemenih et al. 2005 ), but few attempted to address the impacts of forest degradation and fragmentation on soil properties. Hence, this study tried to address this gap by studying different fragments at various levels of degradation and fragmentation from the continuous forests of Jibat and Chillimo. We want to test the hypothesis that soil depth and location of fragments in either Chillimo or Jibat have impacts on SOC and TN across those fragments. In addition, in this study, we want to investigate the amount of SOC and TN for each fragment sampled and see the relative soil improvement index (RSII) in relation to depth and fragment types.
Study area and methods

Study area
The study was conducted around two forest priority areas found in west Shewa zone of Dendi and Jibat district, Oromia regional state, Ethiopia (Table 1 and Fig. 1 ). The Chillimo-Jibat mountain chain is a mosaic of landscape that extends from the central highland further to the western part of the country. The mountain chain is characterized by fragmented forests on the escarpments, agricultural lands, and grazing lands. The forest fragments found on the mountain chain is a major source of wood products, water, and agricultural land expansion for communities in the catchment.
The main livelihood activities for the local communities living in the area include agriculture, livestock, and forest products. The majority of the communities live around the periphery of the forest fragments while few of them reside in the forest boundary. In Jibat forest, settlement is a very common phenomenon by newly migrant households from elsewhere in the country. As a result, rapid deforestation and fragmentation are evident. The two forests are regarded as a forest priority area for biodiversity conservation and timber extraction by the Oromia Forest and Wildlife Enterprise, although the forests are highly fragmented due to settlements and agricultural land expansion (Fig. 1) .
The Chillimo forest is located about 80 km west of Addis Ababa. Its geographical location is 38°10′-38°13′E and 9°01′-9°07′ N, with altitudinal range between 2400 and 2900 m.a.s.l. (Tamrat 1993 ). The forest is typical dry Afromontane forest vegetation and dominated by Juniperus procera trees. Most of the forest structure is dominated by the largest diameter classes with low regeneration capacities due to long-term exploitation and livestock grazing (Ameha et al. 2014) . Chillimo forest has been harvested for commercial timber production through selective cutting of matured trees for long period of time.
The main rock type in the area is basalt, and some areas are covered with other volcanic rocks of more recent formation. The soils are reddish brown, gravelly, and shallow at higher altitudes, while at lower sites, they tend to become dark gray and deep. The soils in the surrounding low plains are vertisols, black soils with characteristic high clay content. The mean annual rainfall is 1264 mm, with a bimodal rainfall distribution of lower precipitation from November to January, and there are five rainy months, May-September, with a peak in July. The mean annual temperature ranges between 15 and 20°C (Tamrat 1993; Mesfin 1998 ). Jibat forest is in the Jibat district of the Western Shewa administrative zone at about 194 km west of Addis Ababa. It is located on the mountain chains of the central highlands of Ethiopia (37°15′-37°30′ E; 8°35′-8°50′ N) extending from the west to south portion of the lower altitudes (2000-3000 m.a.s.l.) where the forest takes a form of mosaics of landscapes with woodlands and farmlands. The forest has been heavily exploited for commercial timber production, agricultural land expansion, and logging by the communities for selling of the wood for small-scale wood industries. It is a highly disturbed forest regarded as moist Afromontane forest types (Tamrat 1993) . The mean annual rainfall was 1768 mm, and mean monthly low and high temperatures were 7.8°C and 23.6°C, respectively, for the area between 1997 and 2006 (Tesfaye et al. 2013 ). The rainy season occurs from March to October with a peak in rainfall between June and September, and the dry season occurs from November to February (Tesfaye et al. 2013) . The soils are reddish with highly developed horizon.
A total of 15 forest fragments were selected for SOC and TN study (five from Chillimo and 10 from Jibat). The forest fragments selected for analysis of SOC and TN in this case were separated through fragmentation over time and are surrounded by cultivated land/grazing land, but they were once part of these forests. In this forest fragments, harvesting of forest products and cattle grazing are regular phenomenon (personal observation).
In each fragment, two to five 20 m × 20 m plots were placed depending on the area of the fragment to take soil samples at two depths. In each plot, we opened a pit (one at the center and four at the corner of our quadrant) with a 10 cm × 10 cm and took soil sample for two depths (0-30 cm and 30-60 cm).
Soil sample collection and analysis
We collected soil samples from two soil depths: 0-30 cm and 30-60 cm. The two soil depths were selected to investigate the difference between the soil depths because it is generally accepted by many studies that there is a difference between the soil depths. Soil samples from 15 fragments with two soil depth classes were collected for the analysis: A sample of soil from each depth was collected, crushed, air-dried at room temperature, passed through a 2-mm sieve, homogenized to obtain a composite soil, and sent to laboratory for analysis. Soil bulk density (ρ b ) samples were taken for the same depth intervals as other soil samples for each plot by the core sampler height 10 cm and diameter 7.2 cm smoothly pushed against the northern faces of the pits. Bulk density is critical for converting organic carbon percentage by weight to content by volume (Batjes 1996) . In general, bulk density was determined by the core sampling method.
The soil organic carbon determinations were made following the wet oxidation method of Walkley and Black 1934 and Batjes 1996 , and TN concentration was determined with the Kjeldahl procedure (Jackson 1958; Batjes 1996) at the Ambo University soil laboratory. The SOC density (SOC d , Mg/ha) and TN density (TN d , Mg/ha) of the two soil layers in each quadrat were calculated by the following equation using the fixed-depth method. Although this method is criticized as it does not account for the influence of soil mass on estimates of organic matter and nutrient storage, it is still widely used (Ellert and Bettany 1995) .
where SOC i , STN i , ρ i , and H i represent soil organic carbon concentration (g/kg), soil total nitrogen concentration (g/ kg), soil bulk density (g/cm 3 ), and soil thickness (cm) in the layer i, respectively. Cumulative soil organic C and soil total N stocks to 0.60 m mineral soil were calculated by adding the soil C or total N stocks of the 0-30 and 30-60 cm soil increments. C/N ratio was also calculated on the basis of SOC/TN to see the rate of mineralization processes.
Furthermore, the SOC and TN for fragments were averaged to the two study sites and presented.
In addition, variation in soil properties across fragments and soil depths were computed by taking fragment fourteen (F 14 ) and 0-30 cm soil depth as reference groups, respectively. Hence, for a given soil property, the variation expresses how much it increased or decreased in percent in relation to the reference group (Table 1) . For example, variation (%) for fragment one (F 1 ) and for 30-60 cm soil depth for a given soil property was computed as: 
To assess the relative soil improvement effect of the land uses, a Relative Soil Improvement Index (RSII) was used. Unlike the soil deterioration index, which assumes the adjacent natural forest or woodland or savannah as a reference land use, in RSII rather, the comparison is made against the more prevalent fragment type (Islam and Weil 2000; Duguma et al. 2010) . Thus, the applicability of RSII is more imperative in cases where there are severe disturbances of the landscape structures because of human and livestock overpopulation, which challenge the existence of the adjacent "ideal" land use type to which we compare the others.
In this study, RSII was computed only based on SOC, TN, C/N, pH, and BD. The fragments (fourteen fragments (F 14 ) in our case) were compared against one fragment (fragment fourteen (F 14 )) to see how better the soils under different fragments are as compared to the reference one (fragment fourteen (F 14 ). Fragment fourteen (F 14 ) is the very dominant land use type in central highlands of Ethiopia as deforestation and degradation are pervasive. Then, the variation (%) of the five soil properties computed using the above equation is summed together to get the RSII value of a given land use type. 
Finally, after the total amount of SOC and TN was determined for the fragments, the values were averaged for Chillimo and Jibat study sites.
Results and discussions
SOC and TN stocks for different fragments
Our results have shown variation among soil depth and fragments for SOC and TN (Figs. 2 and 3) . On a general basis, we have found that there exists a clear decrease in SOC and TN as depth increase, in addition when the overall SOC and TN is considered for the two locations, that is, Chillimo and Jibat have shown a similar trend. SOC and TN value was the highest for fragment four (SOC = 42.15 Mg/ha, TN = 4.23 Mg/ha) and the least value for fragment fourteen (SOC = 1.86 Mg/ha, TN = 0.24 Mg/ha). SOC values for Chillimo and Jibat are comparable with the results reported for Gedo forests (Yohannes et al. 2015; Birhane et al. 2017 ). The result obtained from Chillimo forest fragments is comparatively similar to what has been reported (Demessie et al. 2013; Tesfaye et al. 2016; Han et al. 2018) .
On a general basis, the moist Afromontane forests of Jibat forest fragments (SOC = 29.88 Mg/ha, TN = 2.84 Mg/ha) accumulated larger amounts of SOC and TN as compared to the dry Afromontane forests of Chillimo (SOC = 14.06 Mg/ha, TN = 1.40 Mg/ha). For the two parameters measured, the values are twice larger for Jibat forest fragments than Chillimo forest fragments indicating the importance of the first for carbon accumulation although Chillimo is also very important in carbon accumulation potentials (Fig. 3) . The difference in SOC and TN accumulation between Jibat and Chillimo could be attributed to the type of vegetation, soil type, human disturbances through removal of vegetation, excessive cattle grazing, parent material, and other climatic factors (Lal 2004; Lal 2005; Lemenih and Itanna 2004; Shrestha and Singh 2008; Demessie et al. 2011; Fang et al. 2012; Gurmesa et al. 2013; Gurmessa et al. 2016; Tesfaye et al. 2016; Berihu et al. 2017; Amanuel et al. 2018) .
The SOC for the fragments ranged from 1.86 to 42.15 Mg/ha, and the TN concentration ranged from 0.24 to 4.23 Mg/ha. For both study sites, that is, for Jibat, 50.95% of the SOC and 63.7% of TN are held within 0-30 cm soil layer, whereas for Chillimo, 67.4% of the SOC and 67.9% of TN are held within 0-30 cm soil layer (Figs. 2 and 3) . The values of SOC and TN found in these fragments are within the range of results obtained elsewhere in Ethiopia (Lemenih et al. 2005; Demessie et al. 2011; Demessie et al. 2013; Berihu et al. 2017; Amanuel et al. 2018) . The relatively modest amount of SOC and TN could be very important for regulating climate change and improving the ecosystem services of soils in particular and the fragments in general (Bavey et al. 2016 ) and for improving restoration of vegetation for more carbon and nitrogen sequestration to climate change mitigation (Lal 2004) . Despite the higher disturbances in the forests sampled through cutting and cattle grazing (personal observation), the SOC and TN are found to be higher due the low level of disturbance on the soil through erosion and tillage practices. The soil surfaces are protected against erosion by low level of cover but still provided sub-optimal conditions for maintaining soil structure.
We found huge variations among fragments in terms of the total amounts of carbon and nitrogen at the two depths sampled. Despite the importance of these forest fragments for carbon accumulation in the soils, the conservation efforts made so far to reduce the pressure are very minimal and hence this finding calls for concerted efforts to be made to reduce the pressure through payment for environmental services of the fragments in such highly modified landscapes of the central highlands of Ethiopia. Soils with different vegetation have different litter decomposition processes leading to the difference in release of carbon and nitrogen to soil. Tree species with different plant characteristics and stands can impact retention and sequestration of soil organic carbon and nitrogen. This may be partly explained by the increase in aboveground biomass and litter that add more organic matter to the soil. As the top soil layer is susceptible to different soil management practices in terms of carbon and nitrogen losses, it is important to manage those disturbed forest fragments for optimal sequestration of carbon. The results displayed that depth and bulk density are an important factor in C and N concentrations for assessment of SOC and TN (Tables 2 and 3 ). The variation in soil properties particularly SOC and TN could be related to the levels of disturbances, and such level of disturbances is very difficult to estimate as each fragments separated from the continuous forest of Jibat and Chillimo took place at different period of time with various levels of interferences. What we surely know from our observation during data collection and LU/LC analysis is that these forest fragments were slowly separated from the continuous forests within four to five decades (Tolessa et al. 2016; Tolessa et al. 2017 ) and the open access nature for cattle grazing, firewood collection, and timber extraction made these fragments poorly stocked. So, forest degradation affected SOC and TN within the soils although we found difference between fragments in terms of their soil properties.
Carbon/nitrogen ratio (C/N ratio)
The C/N ratio is a good indicator of the degree of decomposition and quality of the organic matter held in the soil. Similar to SOC and TN values, we found variation between the fragments in relation to C/N ratio (Figs. 2 and 3) . Our results on C/N ratio for the fragments are comparable with the findings (Gurmessa et al. (2018) 42:20 2016). The highest C/N ratio was recorded for fragment three (C/N = 19.42) and the lowest for fragment fifteen (C/N = 4.76). When we take soil depth as a factor for determining C/N ratio, the results have shown that C/N ratio decreased for fragments. The highest C/N ratio was recorded for fragment three (F 3 ) with a depth of 0-30 cm (C/N = 35.36), while the lowest value was obtained for fragment fifteen (C/N = 3.71). The higher values of C/N ratio for fragment three (F 3 ) can be related to the low level of mineralization processes and inherent soil condition. Our result for C/N ratio is comparatively within the range of global C/N ratio (Batjes 1996) . Comparing C/N ratio between Jibat and Chillimo, we found that Jibat forest fragments (C/N = 10.89) had the lowest C/N ratio than Chillimo forest fragments (C/N = 11.56) (Fig. 3) . The relatively higher value of C/N ratio for Chillimo forest fragment can be an indication of the rate of decomposition processes which can be related to moisture conditions of the location rather than the amount of organic matter addition to the soil, that is, in relative terms, precipitation amounts for Jibat are much better than for Chillimo as climatic factors and the presence of optimal amounts of TN are required for decomposition processes (Gurmessa et al. 2016) .
The mean C/N ratio for the 0-30 cm and 30-60 cm depth interval is not very much different for Chillimo where vertisols are dominant within the fragments sampled; this reflects the intense mixing or churning typical of these deep cracking and swelling clay soils. Further, the quality of biomass added to the soil is also very important to be considered as the rate of mineralization depends on the material added to the soil (Shrestha and Singh 2008; Gurmessa et al. 2016; Tesfaye et al. 2016; Berihu et al. 2017) .
Soil pH
The soils in Chillimo forest fragments are found to be near neutral pH condition (6.34) than Jibat (5.66) possibly due to the characteristics of the vegetation, nature of the parent material, and precipitation. As depth increased, soil pH increased for both locations although the increase is not significantly higher (Figs. 2 and 3) . The near neutral nature of Chillimo forest fragment soil is similar to other findings (Workneh 2008; Duguma et al. 2010) , whereas other findings such as Raymond and Ronald (2003) indicated that forest soils are often more acidic similar to Jibat forest fragment soils. This is because plants release H + in exchange for cation during growth, which amounts to large amounts transferred to the soil because of the massive biomass accumulation in forests and because tree litter commonly is acidic and releases hydrogen ion up on decomposition. They further discussed that tree may naturally acidify the soil by taking up and storing in woody tissues calcium, magnesium, and other elements that tend to form bases in the soil. Soil pH influences the availability of some nutrients, both through direct geochemical effects and through indirect effects on microbial activity. This can be substantiated by the findings of Demessie et al. (2011) where soil pH values can be affected by the quality of litter falling from plants.
Soil bulk density
As expected, soil bulk density is related to the amount of organic matter present in the soil. Hence, it affects SOC and TN within the soil layers. Soil bulk density (BD) also varied between fragments. The lowest soil BD was recorded for fragment one (F 1 ) with the value of 0.785 g/cm 3 while the highest was recorded for fragment fifteen (F 15 ) with a value of 1.385 g/cm 3 ( Figs. 2 and 3 ). The increase in bulk density as depth increase can be the result of lower level of accumulation of organic matter in the lower soil horizons as compared to upper where regular falling of biomass occurs frequently when parts of the plant die off due to various reasons.
Bulk density was significantly influenced by type of land use and soil depth. Higher bulk densities were observed in degraded land and subsoil, due to higher soil compaction, higher erosion rate, lack of inputs, and low soil fertility which is similar to other findings (Tesfaye et al. 2016) . This is evident in Chillimo forest fragments where the bulk density is higher as compared to Jibat forest fragments. The increase in soil BD as depth increase for all fragments is similar to other findings elsewhere (Demessie et al. 2011; Fang et al. 2012) . The values of BD obtained for our study site is within the range set on the global level (Batjes 1996) .
Relative Soil Improvement Index
When 30-60 cm soil depth is considered taking 0-30 cm as baseline over the two study locations, Jibat had lower RSII values in SOC, TN, C/N ratio, and BD which showed Chillimo forest had higher values in TN and BD (Table 3) indicating soils in Chillimo are inherently different in their development due to the impacts of soil forming factors (Duguma et al. 2010) .
Fragment four (F 4 ) had a RSII value of 3826.82% followed by fragment nine (F 9 ) (3307.37%) and lastly fragment fifteen (F 15 ) (726.87%) ( Table 3) . These values indicate that fragment four (F 4 ) soils are very good relative to fragment fourteen (F 14 ) soils in SOC, TN, C/N, BD, and pH in the study area. It is not so surprising if fragment fourteen (F 14 ) had the lowest values in soil properties because it has the lowest vegetation cover with rock out crops dominating the area with little addition of biomass to the soil (personal observation). This fragment is under continuous grazing, removal of trees/shrubs for firewood, and construction materials and is open access for a variety of disturbances which results in low level of soil properties given its natural soil properties added (Tables 1 and 3 ). This finding is in agreement with the study conducted by Duguma et al. (2010) where cereal land use has the lowest RSII in which this particular land use is highly disturbed through cultivation and land under cultivation (Islam and Weil 2000) .
When all the soil properties are taken into account (Tables 2 and 3 ), fragment four (F 4 ) is with better soil quality parameters while fragment fourteen (F 14 ) is the least. Others lie in between the two fragments considered; hence, the variability of these properties calls for management of each fragment in accordance with their status for restoration and recovery of ecosystem services provided by the fragments as a whole. This finding is in line with the results obtained elsewhere in Ethiopia where homestead as an alternative agroforestry land use is with diverse vegetation and higher accumulation of litter as compared cereal land use (Duguma et al. 2010 ).
Conclusion
Our results have shown higher amounts of SOC and TN in Jibat forest (29.89 Mg/ha and 2.84 Mg/ha) than in Chillimo (14.06 Mg/ha and 1.40 Mg/ha) for 0-60 cm depth. We found that forest degradation and fragmentation are important factors in altering the dynamics of soil properties and hence considering them an integral part of land management practices is vital for resource managers. Each forest fragment has shown variations in SOC, TN, C/N, pH, and BD at different soil depths considered. RSII values for each fragment showed better quality soil properties for F4 as compared to F14, but the values are mixed for the two study areas when soil depth is referenced.
Given the low level of stand density and canopy cover, the aboveground carbon stock is comparably higher which clearly shows that forest fragments left as patches in the middle of human-modified landscapes are very important repositories of SOC and TN which otherwise may be released to the atmosphere through land degradation. Forest fragments have a potential avenue for climate change mitigation if properly managed. In order to improve the provision of the environmental services of forest fragments, maintaining the aboveground vegetation and enhancing its restoration is very vital. The restoration processes should take in to account the potential roles of these fragments alongside with its biodiversity conservation where these patches could serve as stepping stones for future rehabilitation of the degraded landscapes of the central highlands of Ethiopia. To this end, payment for the environmental services can also be an opportunity to be explored to enhance its sustainability and future restoration programs.
